Enhancement of RNA self-cleavage by micellar catalysis.
It has been reported recently that naturally occurring catalytic RNAs like hammerhead and hairpin ribozyme do not require metal ions for efficient catalysis. It seems that the folded tertiary structure of the RNA contributes more to the catalytic function than was initially recognized. We found that a highly specific self-cleavage reaction can occur within a small bulge loop of four nucleotides in a mini-substrate derived from Arabidopsis thaliana intron-containing pre-tRNA(Tyr) in the absence of metal ions. NH(4)(+) cations and non-ionic or zwitter-ionic detergents at or above their critical micelle concentration are sufficient to catalyze this reaction. The dependence on micelles for the reaction leads to the assumption that physical properties, i.e. the hydrophobic interior of a micelle, are essential for this self-cleavage reaction. We suggest that NH(4)(+)-ions play a crucial role for the entry of the negatively charged RNA into the hydrophobic interior of a detergent micelle. A change of the pattern of hydration or hydrogen bonds caused by the hydrophobic surrounding enhances the reaction by a factor of 100. These findings suggest that highly structured RNAs may shift pK(a) values towards neutrality via the local environment and thereby enhance their ability to perform general acid-base catalysis without the participation of metal ions.